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(54) Exhaust gas cleaning metal carrier and method of manufacturing the same 


(57) A metal* carrier and a production method 
thereof for carrying an exhaust gas cleaning catalyst for 
automobiles, a'utobicyciesr and industrial equipment 
The metal carrier includes a metal honeycomb core 
body pressed into a metal outer cylinder, and the joined 
portion of the a flat plate anda corrugated plate forming 
the metal honeycomb core body includes a sofder mate- 
rial coated in spots or stripes at peaks of corrugation of 
the corrugated plate. The solder material in the joined 
portion of the flat plate and the corrugated plate has a 
thickness of less than 1 0O^m, the positions of the joined 
portions are different between the surface and backside 
of the flat plate and corrugated plate, and the joined por- 
tions are present through an unjoined area having a 
length of more than 5% of the length of the metal hon- 
eycomb core body from an end face of the metal honey- 
comb core body at the exhaust gas inlet side. The 
joined portion of the outer periphery of the metal honey- 
comb core body and the inner surface of the metal outer 
cylinder is a plurality of stripes. The joined portions of 
the flat plate and the corrugated plate of the outermost 


periphery of the metal honeycomb core body and the 
metal outer cylinder are riot in line with each other, and 
the metal" honeycomb core body and the metal outer 
cylinder are joined intermittently in the axial and periph- 
eraf directions. In a production method of the metal car- 
rier, the metal honeycomb core body is pressed into the 
metal' outer cylinder* while the slurry-formed solder 
material coated at peaks of the corrugated plate main- 
tains a fluidity' and the* solder material coated on the 
inner wairsurtace'df the metal outer cylinder has no flu- 
idity/ \ ' " ■; 
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Description 

TECHNICAL FIELD 

This invention relates to a metal carrier for carrying 5 
an exhaust gas cleaning catalyst for automobiles, auto- 
bicycles, and industrial equipment, and a production 
method thereof. 

BACKGROUND TECHNOLOGY io 

As a catalyst carrier for cleaning exhaust gas of 
automobiles, a honeycomb-formed metal carrier com- 
prising heat-resistant stainless steel is known. The 
metal carrier is formed by winding round a stack of a flat is 
plate and a corrugated plate to form a honeycomb core 
body and joining the outer periphery of the honeycomb 
core body and inner surface of a metat outer cylinder. 

Various methods are known as the production 
method of the metal carrier. For example, Japanese 20 
Patent Publication 63-44466 describes a metal carrier 
in which a pile of a flat plate and a corrugated plate is 
wound round, and the vicinity at least one of end faces 
of the wound honeycomb core body is soldered. How- 
ever, such a metal carrier, when actually used on an 25 
internal combustion engine for automobile, tends to 
undergo deformation of the honeycomb core body or 
breakage of a foil on an outer periphery of the honey- 
comb core body due to thermal fatigue by heat cycle of 
heating and cooling. In particular, the exhaust gas inlet 30 
side of the honeycomb core body undergoes considera- 
ble cell deformation and foil breakage because it is 
exposed to high-temperature exhaust gas. Further, the 
metal carrier may be broken at the joined portion due to 
engine vibration and vibration during traveling. 35 

Further, Japanese Patent Publication 56-4373 dis- 
closes a honeycomb core body produced by a method 
in which solder is coated on a flat steel plate or at peaks 
of a corrugated steel plate through a supply roller from 
a vessel filled with liquid solder paste, and the former is 40 
wound round with a corrugated steer plate, or the latter 
is wound round with a flat steel plate. The patent also 
discloses a honeycomb core body produced by a 
method in which before coating solder, an adhesive is 
coated at a position to be solder coated through a sup- 45 
ply device, and wound round while sprinkling a powder- 
formed solder material by a distribution device. In these 
honeycomb core bodies, the powder-formed solder 
material is piled in layers between the flat steel plate 
and the corrugated steel plate Further, since the stack so 
of the powder-formed solder material particles between 
the flat steel plate and the corrugated steel plate exists 
in amounts of twice the number of turns from the center 
of the honeycomb core body to the outermost periphery, 
when treated by vacuum soldering, the solder material 55 
melts to generate voids between the flat steel late and 
the corrugated steel plate, and the voids in layers collect 
at several positions. Therefore, the honeycomb core 
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body obtained by this method has unsoldered portions 
between the flat steel plate and the corrugated steel 
plate. Further, since the solder thickness increases at 
the joined portion of the flat steel plate and the corru- 
gated plate, the core body tends to break at the brittle 
solder material and is insufficient in strength. 

As another method, Japanese Patent Laid-open 
Publication 4-141238 discloses a production method of 
a metal carrier, in which a plurality of binder injectors 
having needles on the surface and backside of a corru- 
gated foil are disposed in a single or multiple stages 
parallel to the corrugation, and operation of the binder 
injectors is selected so that the binder is coated at 
peaks of the corrugation in a previously designed range 
according to the movement of the corrugated foil to 
select joining positions of the corrugated foil and flat foil 
at desired positions of the honeycomb core body. 

In producing a honeycomb core body by this 
method, to select a joining position of the corrugated foil 
and flat foil at a desired position of the honeycomb core 
body, first only the binder is supplied, after winding the 
honeycomb core body, or after containing it in an outer 
cylinder, a process to sprinkle the solder material form 
the end face of the honeycomb core body to apply the 
solder material to the binder coating portion. This 
results in an increase in cost. Further, when the binder 
is roll coated on the corrugated plate or the flat plate 
before forming the honeycomb core body and the solder 
material is also supplied, wound round into the honey- 
comb core body and then soldering is made, since the 
solder material is sandwiched between the flat plate and 
corrugated plate, the solder material melts by soldering 
treatment to generate voids between both plates, and 
effective joining is not obtained. This is also true for a 
slurry which is a mixture of the binder and powder- 
formed solder. Since the binder and powder -formed sol- 
der are sandwiched between the flat plate and corru- 
gated plate, the solder material melts after soldering to 
generate voids between both plates, and cannot provide 
effective joining. When the slurry is coated on the same 
joining position of the surface and backside of the flat 
plate and corrugated plate, voids further increase 
between 60th plates due to melting of the solder mate- 
rial from the slurry sandwiched between the flat pfate 
and corrugated plate, resulting in insufficient joining. 
Further, Ni, Cr, and Si, which are ingredients of the sol- 
der material, diffuse into the base material, and forma- 
tion of an intermetallic compound concentrates in a 
same position, degrading the strength. 

Then, there have heretofore been known various 
types 'of exhaust gas cleaning apparatus, in which a 
metal honeycomb body is inserted into a metal outer 
cylinder, and a gas cleaning catalyst is carried on the 
metal honeycomb body. In particular, various types of 
honeycomb structures have been proposed to control or 
prevent peeling or damage of the joined portion due to 
a strain caused by a thermal stress generated by heat of 
exhaust gas of automobiles. For example, Japanese 
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Patent Laid-open Publication 4-29750 discloses a metal 
carrier in which a metal honeycomb core body and an 
outer cylinder are joined with a plurality of bands formed 
at 1-15 mm ring-formed intervals in an axial direction of 
the metal carrier This absorbs a stress generated in the 
axial direction of the carrier during cooling/heating cycle 
by deforming an unjoined portion at the ring-formed 
spacing to disperse a stress acting on the joined portion 
and unjoined portion. However, in some cases, depend- 
ing on the joining condition of the metal honeycomb 
core body, the stress cannot be efficiently dispersed 
even by joining the plurality of bands between the outer 
cylinder and the metal honeycomb core body. For exam- 
ple, when the boundary of the metal honeycomb core 
body and the outer cylinder is in line with the boundary 
in the metal honeycomb core body, the stress is concen- 
trated at that position due to the heat cycles, and the foil 
is broken from that position. Further, Japanese Patent 
Laid-open Publication 4-148016 discloses a metal car- 
rier which has a region where a flat foil and a corrugated 
foil are joined in an axial direction in a length of 5 to 20% 
the axial direction length of the metal honeycomb core 
body, has an outer layer reinforcing layer joined in an 
axial direction within five layers from the outer most 
layer towards the inside, and the metal outer cylinder 
and the metal honeycomb core body are joined in a 
region in the axial direction within the outer layer rein- 
forcing layer, in this cage, the metal outer cylinder and 
the metal honeycomb core body are joined at a position 
in the axial direction to relax the thermal deformation in 
' the axial direction of the metal outer cylinder and the 
metal honeycomb core body. However, because the 
metal outer cylinder and the metal honeycomb core 
body are joined only at a position, mechanical vibrations 
of the engine or vibrations of the vehicle during traveling 
tend to concentrate in the joined portion, leading to a 
breakage. 

Further, Japanese Utility Model Laid-open Publica- 
tion 2-83320 describes an exhaust gas cleaning appa- 
ratus comprising a plurality of metal honeycomb core 
bodies having a number of reticulated ventilation holes 
in an axial direction formed by stacking thin flat band 
materials and corrugated band materials to contact 
each other, mounted at intervals in a metal case with 
both ends open. Thus, an exhaust gas cleaning appara- 
tus in which at least one position is joined is disclosed, 
except for a case that a contact surface of the outer 
peripheral surfaces of the individual metal honeycomb 
core bodies and the inner walk surface of the metal 
case are simultaneously joined with the inner wall sur- 
face of the metal case in the vicinity of both ends of the 
metal honeycomb core body. Japanese Utility Model 
Laid-open Publication 2-85814 describes an exhaust 
gas cleaning apparatus which comprises two metal 
honeycomb core bodies having a number of reticulated 
ventilation holes in the axial direction, manufactured by 
stacking thin metal flat band materials and corrugated 
band materials to contact each other, mounted with 


spacing in a cylindrical metal outer cylinder having both 
ends open and an enlarged diameter section, wherein 
the outer peripheral surface in the vicinity of the opening 
of the metal outer cylinder of each metal honeycomb 

5 core body is mounted to the inner wall surface of the 
metal outer cylinder, and the outer peripheral surface in 
the vicinity of the spacing of the individual metal honey- 
comb core bodies does not contact the inner wall sur- 
face of the metal outer cylinder. 

w in these exhaust gas cleaning apparatus, a plurality 
of metal honeycomb core bodies are disposed at 
spaces in a metal outer cylinder, and only a portion in 
the axial direction of the contact surface of the outer 
peripheral surface of the individual metal honeycomb 

is core body and the inner wall surface of the metal outer 
cylinder is annularly joined, preferably over the entire 
periphery to disperse and relax thermal stress, thereby 
preventing peeling of the outer peripheral surface of the 
metal honeycomb core body and the inner wall surface 

20 of the metal outer cylinder or peeling or cracking of the 
flat plates and the corrugated plates forming the metal 
honeycomb core bodies due to thermal stress and ther- 
mal deformation. 

However, even when thermal stress is dispersed 

25 and relaxed by the above method, it is impossible to 
absorb a strain in the vicinity of the outer peripheral sur- 
face of the metal honeycomb core body due to thermal 
stress and thermal deformation generated in the 
exhaust gas cleaning apparatus. Therefore, the vicinity 

30 of the peripheral surface is liable to be subjected to ther- 
mal stress and thermal deformation, resulting in cell 
deformation or peeling of the flat plate and corrugated 
plate. Further, joining the inner wall surface of the metal 
outer cylinder and the outer peripheral surface of the 

35 metal honeycomb core body at only a portion tends to 
weaken the joining, and cannot withstand the pressure 
of exhaust gas flow at high temperatures. 

Further, in a conventional metal carrier, a plurality of 
metal honeycomb core bodies are joined at spaces in a 

40 metal outer cylinder (e.g. Japanese Utility Model Laid- 
open Publication 2-83320). In this carrier, in an attempt 
to remove thermal stress and thermal deformation gen- 
erated in the metal carrier at high temperatures by only 
joining of the outer peripheral surface of the metal hon- 

45 eycomb core body and the inner wall surface of the 
metal outer cylinder, a strain occurs that cannot be 
removed, and the metal honeycomb core body may be 
broken by the strain if the metal honeycomb core bodies 
are not joined at spaces. This easily leads to a large- 

so sized exhaust gas cleaning apparatus, except for a case 
to intentionally generate a turbulent flow. Further, as 
described in Japanese Utility Model Laid-open Publica- 
tion 2-85815, a large-diameter section provided in the 
metal outer cylinder leads to a large-sized exhaust gas 

55 cleaning apparatus. 

On the other hand, in an exhaust gas cleaning 
apparatus carrying a gas cleaning catalyst on a metal 
honeycomb core body it has been known to use a 
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curved metal carrier. For example, Japanese Utility 
Model Laid-open Publication 4-78938 proposes a 
curved metal carrier, in which flat plates and corrugated 
plates are stacked in alternation to form a honeycomb 
structure, and the honeycomb structure is inserted into 
an outer cylinder. In the metal carrier, arrays of slits is 
provided so that each slit has a length of more than one 
wave in the cross direction of the flat plates and corru- 
gated plates, the slits are arranged at spaces in the lon- 
gitudinal direction, and a number of the arrays are 
formed in parallel and shifted from each other. 

However, in the curved metal carrier, since the flat 
plates and corrugated plates forming the metal honey- 
comb core body are provided with slits and inserted into 
a curved metal outer cylinder, if thermal stress and ther- 
mal deformation occur in the metal carrier at high tem- 
peratures, the slits expand to generate cracking, cell 
deformation, peeling of joined portions, and breakage of 
the metal honeycomb core body. Further, since the flat 
plates and corrugated plates have slits, when the metal 
honeycomb core body is inserted into the curved metal 
outer cylinder after the carrier is formed, the honeycomb 
structure cannot be maintained, and the predetermined 
cell structure cannot be maintained. That is, when 
designing a metal carrier, it is difficult to ensure the 
desired porosity ratio and surface area. Further, due to 
the slits, exhaust gas tends to flow only the vicinity of the 
outer peripheral surface of the curved metal outer cylin- 
der, resulting in a considerably deteriorated efficiency of 
exhaust gas cleaning. 

Then, the inventors have conducted intensive stud- 
ies to solve such defects and found that flat plates and 
corrugated plates are soldered with a solder material 
coated in spots or stripes on the peaks of the corru- 
gated plate to form a metal honeycomb core body, while 
the solder material coated on the metal honeycomb 
core body still has a fluidity and the solder material 
coated on the inner wall surface of the metal outer cylin- 
der has no fluidity, the outer peripheral surface of the 
metal honeycomb core body and the inner wall surface 
of the metal outer cylinder are assembled, and then sol- 
dering heat treated, thereby sufficiently absorbing a 
thermal stress and achieving the present invention. 
Therefore, a primary object of the present invention is to 
provide a stable metal carrier which sufficiently absorbs 
a thermal stress and, when used on vehicles, can with- 
stand practical use for an extended period of time. 

DISCLOSURE OF THE INVENTION 

In accordance with the present invention, there is 
provided an exhaust gas cleaning metal carrier com- 
posed of one or more metal honeycomb core bodies 
formed by joining a flat plate and a corrugated plate, 
and pressed into a metal outer cylinder, characterized in 
that the joined portion of the flat plate and the corru- 
gated plate comprises a plurality of joining spots or 
stripes of a solder material coated at peaks of the corru- 


gated ptate, the solder material of the joined portion of 
the flat plate and the corrugated plate has a thickness of 
lOOum or less, and positions of joined portions of the 
flat plate and the corrugated plate are different between 

s the surface and the backside and present through an 
unjoined portion of a length of 5% or more of the length 
of the honeycomb core body from the metal honeycomb 
end face at the exhaust gas inlet side. Further, the metal 
honeycomb core body and the metal outer cylinder are 

to joined with a solder material coated in stripes on the 
inner wall of the metal outer cylinder, the joined portion 
at the outermost periphery of the metal honeycomb 
core body is not in line with the joined portion of the 
metal outer cylinder, and the metal honeycomb core 

75 body is joined intermittently in the axial and peripheral 
directions. The metal outer cylinder is not limited to a 
circular form, but may be curved with a desired curva- 
ture. 

There is further provided according to the present 
20 invention a method for producing a metal carrier matrix, 
characterized in that a plurality of slurry supplying 
devices having a nozzle are disposed in multiple stages 
parallel to the direction of corrugation of a corrugated 
plate, a slurry comprising a powder-formed solder mate- 
rs rial and a binder is coated by the slurry supplying 
devices at peaks of corrugation according to movement 
of the corrugated plate and at predetermined positions, 
the corrugated plate and a flat plate are stacked and 
wound round to form a metal honeycomb core body, a 
30 slurry comprising the powder-formed solder material 
and a binder is coated on an inner wall surface of a 
metal outer cylinder, then the metal honeycomb core 
body is pressed into the metal outer cylinder, and both 
parts are joined by vacuum soldering to obtain an 
35 exhaust gas cleaning metal carrier. 

In the above production method, it is preferable that 
the slurry containing the powder-formed solder and the 
binder is coated by the slurry supplying devices, and 
then the slurry coated at peaks-of the corrugation is 
40 spread by a brush or roll in longitudinal and cross direc- 
tions of the corrugated plate to uniformalize the coating 
thickness. 

By the above method; a metal honeycomb core 
body matrix can be obtained, in which the joined por- 

45 tions of the flat plate and the corrugated plate are 
present through unjoined portions having a length of 
more than 5% of the length of the metal honeycomb 
core body, arid a plurality of joined bands perpendicular 
to the axial direction are present on one and the same 

50 surface of the metal honeycomb core body. 

There is further provided according to the present 
invention a method for producing a metal carrier com- 
prising a plurality of metal honeycomb core bodies 
pressed into a metal outer cylinder parallel to the axial 

55 direction, characterized in that peaks of the corrugated 
plate are coated with a slurry-formed solder material in 
spots or stripes, and a flat plate and the corrugated 
plate are stacked and wound round to form a metal hon- 
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eycomb core body. On the other hand, an inner wall sur- 
face of the metal outer cylinder is coated with a solder 
material, while the slurry-formed solder material coated 
at peaks of the corrugated plate and the solder material 
coated on the inner wall surface of the metal outer cylin- 
der has no fluidity, the metal honeycomb core body is 
pressed into the metal outer cylinder, the outer cylinder 
is curved as necessary, dried and soldering heat treated 
to join the metal honeycomb core body and the metal 
outer cylinder. 

As another production method, in particular, when 
the metal outer cylinder is curved, and a plurality of 
metal honeycomb core bodies formed by joining a flat 
plate and a corrugated plate are pressed into thecurved- 
metal outer cylinder parallel to the axial direction, in 
which peaks of the corrugated plate are coated with a 
slurry-formed solder material in spots or stripes, the fiat 
plate and the corrugated plate are stacked and wound 
round to form a metal honeycomb core body. On the 
other hand, a solder material is coated on an inner wall 
surface, while the slurry-formed solder material coated 
at peaks of the corrugated plate has a fluidity and the 
solder material coated on the inner wall surface of the 
metal outer cylinder has no fluidity, the metal honey- 
comb core bodies are pressed into the metal outer cyl- 
inder, the metal outer cylinder is curved with a desired 
curvature, dried and soldering heat treated to join the 
metal honeycomb core bodies and the metal outer cyl- 
inder in the curved condition. 

The present invention will now be described, in 
detail. When the metal carrier is installed on an actual 
vehicle, it is subjected to cooling/heating cycles, and-a< ^ 
temperature gradient occurs in the axial and* radiat . - 
directions. ' ' f * 

Further, since most present metal carriers use. in' . 35- 
the metal honeycomb core body, a ferrite type stainless^-, * 
steel containing a high concentration of Atr which is 
highly resistant to oxidation, the following stresses area ^ . 
applied between the metal honeycomb core bodies.'mn4i; 
between the metal honeycomb core body and the outetx & 
cylinder due to a difference in thermal expansion co^tfi- \ I - 
cient between the metal honeycombtcore body and th^/V; 
metal outer cylinder and the temperature gradient^ ; ' 
occurring in the metal carrier. 

In the radial direction of the honeycomb, the metal 
honeycomb core body is pressed against the outer cyl- 
inder due to thermal expansion of the metal honeycomb 
core body during heating (temperature of the metal hon- 
eycomb core body > temperature of the metal outer cyl- 
inder, thermal expansion coefficient of the metal 
honeycomb core body > thermal expansion coefficient-— 
of the metal outer cylinder), and a deformation occurs in- x : 
the cell of the metal honeycomb core body. In particular^; 
when the end surface of the metal honeycomb core 
body is bound by soldering, thermal stress due to ther- 
mal expansion cannot be relaxed, which causes buck- 
ting of the flat plate forming the metal honeycomb core 
body, and the cell deformation of the metal honeycomb 
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core body is further increased. Further, the exhaust gas 
inlet side of the metal honeycomb core body is exposed 
to high-temperature exhaust gas compared to the outlet 
side, and the temperature is considered to be higher 
than 1 ,000°C by a reaction between the exhaust gas 
and the catalyst. Therefore, cell deformation of the 
metal honeycomb core body is particularly considerable 
at the exhaust gas inlet side. 

As described above, due to the cell deformation, 
the metal honeycomb core decreases in the core diam- 
eter, and a tensile force occurs between the metal outer 
cylinder and the metal honeycomb core body, resulting 
in a breakage in the foil of the outer periphery. To pre- 
vent this, the vicinity of the end surface at the exhaust 
gas inlet side, which is the most considerable in cell 
deformation, should not be bound. Further, to relax ther- 
mal stress in the axial and radial directions of the metal 
honeycomb core body, the metal honeycomb core body 
is joined in spots or a plurality of stripes in the axial 
direction. 

Further, when joined portions of the metal honey- 
comb core bodies are in line with those of the metal 
outer cylinder and the metal honeycomb core body, 
those portions tend to be applied with a tensile stress to 
cause breakage in the outermost periphery of the metal 
honeycomb core body., T6- prevent this, joined portions 
of the outermost'petiphery of the honeycomb core body 
should not be irr1fne*with those of the metal outer cylin- 
der to once separate the metal honeycomb core body 
from the metal oute^cylinder. 

On the other hantf,Jn the axial direction, since the 
"metal honeycomb- core- body is higher in temperature 
than the metal outer -cylinder, the metal honeycomb 
core body tends^to expand in the axial direction of the 
- metal honeycomb core body than the metal outer cylin- 
der. ThereforeJMhe,metal honeycomb core body and 
the metal outer -cylinder are-joined in two positions, a 
shearing stress*appJies-to the joined portions. Further, 
the longjBPthff jdining intervals, the greater the expan- 
sfoa-tha shearing stress applied to the joined portions 
becomes higher, resulting in breakage in the joined por- 
tions, To prevent this, the metal honeycomb core body is 
joined at one position in the axial direction, thereby 
relaxing thermal stress in the axial direction of the metal 
honeycomb core body. However, by joining at a single 
position, vibrations of the engine or during traveling tend 
to concentrate in one position, resulting in breakage at 
the joined portion. Therefore, intermittent joining at a 
plurality of positions is preferable in view of the joining 
strength and relation of thermal stress in the axial and 
radial directionsr u 2 

Theireasoniwhy the unjoined portion is more than 
5% dUhfe IfengtrvoKthe metal honeycomb core body is 
that as a result of heat cycle tests of the metal honey- 
comb core body bound at the end by sold ring, consid- 
erable celt deformation is noted in a length less than 
about 5% of the length of the metal honeycomb core 
body. 
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Further, by joining with a plurality of joining bands 
perpendicular to the axial direction on the same surface 
of the metal honeycomb core body, strain generated in 
the axial direction is dispersed to reduce the strain act- 
ing on the boundary of the joined portion and unjoined 
portion. 

In the present invention, the solder material of the 
joined portion of the flat plate and the corrugated plate 
has a thickness of lOOum or less. In a test where the 
outer peripheral metal cylinder of the metal honeycomb 
core body is held, and the metal honeycomb core body 
is pressed by a punching rod to draw out the metal Hon- 
eycomb core body, the relationship between the punch- 
ing strength and the solder material thickness as shown 
in Fig.1 is obtained. As a result, the punching strength is 
considerably reduced when the solder material thick- 
ness exceeds lOOum. This is considered as due to the 
fact that breakage occurs in the base material at the sol- 
der material thickness of lOOum or less, and breakage 
occurs in the solder material, which is brittle compared 
to the base material, when the solder material thickness 
is more than lOOum. Therefore, the solder material of 
the joined portion of the flat plate and the corrugated 
plate is required to have a thickness of 100fim or less. 

Further, it has been known that when the flat plate 
and the corrugated plate are joined by soldering, Ni. Cr 
or Si as ingredients of the solder material diffuse into the 
base material to for an intermetallic compound. There- 
fore, the soldered portions of the flat plate or the corru- 
gated plate are in line between the surface and the 
backside, formation of the intermetallic compound con- 
centrates in a position, resulting in a reduction of 
strength. Therefore, the joined portions of the flat plate 
or the corrugated plate must be different between the 
surface and the backside. 

In view of spreading of the solder material, the 
slurry coating positions on the surface and the backside 
of the corrugated plate are preferable to be apart from 
each other by 4 mm or more. 

To produce a metal carrier which is superior in dura- 
bility to extreme heat cycles and strong mechanical 
vibrations, the solder material must be supplied in spots 
or a plurality of stripes at a desired position apart by 
more than 5% of the length of the metal honeycomb 
core body from the end surface at the exhaust gas inlet 
side. 

When soldering in stripes, soldering is easily 
achieved by supplying an amorphous foil solder to the 
desired positions other than the end surface. However, 
since the amorphous foil solder contains boron as an 
ingredient, when soldering, the boron tends to diffuse 
into the base material, reducing the heat resistance of 
the foil. Therefore, it is not preferable to use an amor- 
phous foil solder containing boron. 

Then, the present invention uses a powdered sol- 
der material which does not contain boron as an ingre- 
dient, which is mixed with a binder to form a slurry, 
supplied in stripes to a desired position at peaks of the 


corrugated plate, and a flat plate and the solder -coated 
corrugated plate are stacked and wound round to form 
a metal honeycomb core body. 

Boron has an effect to improve wetting of the solder 

5 material, however, it is not preferable because it 
degrades the heat resistance and, in the present inven- 
tion, the soldered portion tends to spread too much, 
resulting in overlapping of the joined portions of the flat 
plate and corrugated plate on the surface and backside. 

w Then, the structure of the metal carrier of the 
present invention will be described in detail. 

The metal carrier according to the present inven- 
tion, which has the above-described structure, may 
have any cross sectional shape, such as cylindrical, 

is race track, or other form. The plurality of metal honey- 
comb core bodies pressed into the metal outer cylinder 
may contact each other, or may be apart from each 
other. 

Production method of the metal carrier according to 

20 the present invention will be described. 

First, a slurry containing a powdered solder mate- 
rial and a binder is coated by a nozzle or the like in spots 
or stripes at peaks of the corrugated plate, and the cor- 
rugated plate and a flat plate are stacked and wound 

25 round to form a metal honeycomb core body This for- 
mation method is not specifically limited, but it is impor- 
tant to supply the solder material in spots or stripes at 
peaks of the corrugated plate. The thus formed metal 
honeycomb core body is pressed into the metal outer 

30 cylinder to join, in the joining of the metal honeycomb 
core body and the metal outer cylinder, the metal hon- 
eycomb core body is pressed into the metal outer cylin- 
der while the solder material coated on the metal 
honeycomb core body maintains a fluidity and the sol- 

35 der material coated on the inner wall surface of the 
metal outer cylinder has no fluidity. Since the metal hon- 
eycomb core body is pressed into the metal outer cylin- 
der while the solder material maintains a fluidity, and the 
joining portions having the solder material between the 

40 flat plate and the corrugated plate are not yet joined, 
they can freely move their positions, and can thus main- 
tain a condition of least strain. Since the solder material 
coated on the inner wall surface of the metal outer cylin- 
der has no fluidity, the solder material does not flow 

45 when the metal honeycomb core body is pressed in, 
and can be joined at a predetermined position. 

The individual metal honeycomb core bodies can 
be joined so that they are apart from each other when 
exhaust gas flow is intentionally made turbulent, or not 

so apart from each other for otherwise. This enables a 
compact exhaust gas cleaning apparatus by the metal 
honeycomb core bodies disposed not apart from each 
other, except for a case where a turbulent flow is inten- 
tionally generated. 

55 In the production method of a curved metal honey- 
comb carrier, after a plurality of uncurved metal honey- 
comb core bodies are pressed into the metal outer 
cylinder before soldering heat treatment, the result is 


6 


1 1 


EP 0 820 830 A2 


12 


curved with a desired curvature, or after a plurality of 
metal honeycomb core bodies are pressed into a metal 
outer cylinder which is previously curve with a desired 
curvature, and the result is soldering heat treated, 
thereby easily forming a curved metal carrier, which is 
highly resistant to thermal stress and thermal deforma- 
tion at high temperatures. 

An apparatus for coating a slurry, which is a mixture 
of a powdered solder material and a binder for joining 
the metal honeycomb core body formed by stacking and 
winding round a flat plate and a corrugated plate, at 
desired positions on the inner surface of the metal outer 
cylinder preferably comprises a metal outer cylinder car- 
rying-in device, a metal outer cylinder rotating and sup- 
porting device, a solder material coating device for 
coating the solder material on the inner surface of the 
metal outer cylinder, a metal outer cylinder carrying-out 
and recovery device after solder material coating, and 
means for rotating the metal outer cylinder rotating and 
supporting device and operating the solder material 
coating apparatus when the metal outer cylinder is car- 
ried in by the metal outer cylinder carrying-in device. 

That is, the coating apparatus has a solder material 
supply device for supplying the slurry as a mixture of the 
powdered solder material and the binder, a mechanism 
for evenly coating the solder material-at a desired posi- 
tion of the inner surface of the metal outer cylinder, and 
a mechanism for rotating and supporting the metal 
outer cylinder and carrying the metal, outer cylinder. The 
means for rotating the metal outer cylinder-rotating and 
supporting device and operating the ; solder material 
coating apparatus when the metal outer cylinder is car- 
ried in by the metal outer cylinder carrying-irv device can 
be, for example, a sensor. 

■ r 

BRIEF DESCRIPTION OF THE DRAWINGS - 

Fig.l is a graph showing the relationship between . 
the solder material thickness and the punching strength * 
of the joined portion of a flat plate and a corrugated 
plate of a metal honeycomb core body; Fig.2 ; is a sche- 
matic perspective view of a metal honeycomb carrier*. 
Fig.3 is a schematic perspective cross sectional view of 
a metal carrier; Fig.4 is a schematic enlarged cross sec- 
tional view showing part of a joined portion of an inner 
wall surface of an outer cylinder and the metal carrier; . 
and Fig.5 is a schematic cross sectionaLView when two/ 
metal honeycomb core bodies apart, from each other 
are pressed into a metal outer Cylinder. " - 

Fig.6 is a schematic viewfor eocplaining the produc--. 
tion method of the- metal honeycomtrcore body of the 
present invention; Fig.7 is"a schematic view showing.* 
process from solder material supplying to the metal 
outer cylinder to vacuum soldering; Figgis a schematic 
cross sectional plan view showing the curved metal car- 
rier according to the present invention; Fig.9 is a sche- 
matic view showing the production method of the 
curved metal carrier of the present invention; and Fig. 10 


is a schematic front view of a coating apparatus of the 
present invention. Fig.l 1 is a schematic cross sectional 
view showing soldering condition of the metal carrier of 
Example 1 of the present invention; Fig. 12 is a sche- 
i matic cross sectional perspective view showing solder- 
ing condition of the metal carrier of Example 2 of the 
present invention; Fig. 13 is a schematic cross sectional 
perspective view showing soldering condition of the 
metal carrier of Comparative Example 1; Fig. 14 is a 
w schematic cross sectional perspective view showing 
soldering condition of the metal carrier of Comparative 
Example 2; Fig. 15 is a schematic cross sectional per- 
spective view showing soldering condition of the metal 
carrier of Comparative Example 3; Fig. 16 is a schematic 
is cross sectional perspective view showing soldering con- 
dition of the metal carrier of Example 3 of the present 
invention. Fig. 17 is a schematic cross sectional per- 
spective view showing soldering condition of the metal 
carrier of Example 4 of the present invention; Fig. 18 and 
20 Fig. 19 are individually schematic cross sectional per- 
spective views showing soldering condition of the metal 
carriers of Comparative Examples 4 and 5 of the 
present invention. 

Then, the metaK carrier of the present invention will 
25 be described with reference to the drawings, however, it 
is needless to say that the present invention is not lim- 
ited to those shown in the drawings. 

Fig.2 is a schematic perspective view showing the 
metal carrier of trikpresent invention, Fig.3 is a sche- 
30 matic cross sectional perspective view of Fig.2. and 
Fig.4 is a schematic enlarged view showing joining of 
the inner wall surfac^bfthemetat outer cylinder and the 
metal honeycomb core body. 

Referring to Fig.2, a metal carrier 1. comprises a 
35> metal honeycomb core body 3 pressed in a metal outer 
cylinder 2. As shown in Fig.4, the outermost periphery 
of the.metal honeycomb core body 3 and the inner wall 
surfaceof the metal outer cylinder are soldered, the sol- 
dering being achievedby a solder material 4 in a plural- 
40 ity of stripes. The metar' honeycomb core body 3 is 
formed by soldering a fiat plate 31 and a corrugated 
plate 32. The soldering^! the flat plate and the corru- 
gated plate is achieved by a solder material 41 , 42 

coated in spots or stripes at peaks of the corrugated 
45 plate. The reference numeral 41 indicates a portion 
joined with the solder material between the flat plate 
and the corrugated plate and outside the corrugated 
plate. 42 indicates a portion joined with the solder mate- 
ria* between the flat plate and the corrugated plate and 
inside the corrugated plate. It is preferable that the posi- 
tions of 41 and 42 are shifted from each other to reduce 
effects of the solder material on the base material 
(Fig.4). 

Fig.5 is a schematic cross sectional perspective 
view showing a case when a separation part 9 is pro- 
vided between two metal honeycomb bodies. 

Then, the production method of the metal honey- 
comb core body of the present invention will be 
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described with reference to the drawings. 

Fig. 6 is a schematic view for explaining the solder 
material coating method and the production method of 
the metal honeycomb core body of the present inven- 
tion. 5 

A slurry 14 produced by mixing a powdered solder 
material, free of boron, and a binder is charged in a res- 
ervoir tank 16. The reservoir tank 16 is provided with a 
slurry supply tube 17, and a tip thereof has a nozzle 13. 
The slurry 14 is fed through the slurry supply tube 17 to w 
the nozzle 13. The reservoir tank 16 is disposed at a 
position of the same height as or lower than a corruga- 
tion peak 15 to be coated. The number of the reservoir 
tanks 16 may be the same as the number of the nozzles 

13 or one. When a single reservoir tank 16 is used, the is 
slurry supply tubes 17 of the same number of the noz- 
zles 13 are attached to the reservoir tank 16, and the 
slurry 14 is branched by the slurry supply tubes to the 
individual nozzles 13. 

By the use of the reservoir tank 16 and the slurry 20 
supply tube 17 to the nozzle 13, the slurry 14 can be 
supplied from the nozzle 13 to the corrugation peak 15 
stably for an extended time, without requiring a space. 

The nozzle 13 uses a flexible material, and is set 
between the corrugation peak 1 5 and a corrugation val- 25 
ley 1 8. The supplied slurry 14 is scraped by the corruga- 
tion peak 15 and coated thereon. Amount of the slurry 

14 coated on the corrugation peak 15 is controlled only 
by adjusting the pressure of the reservoir tank 16 by a 
controller 16, without requiring a complex control. 30 

The slurry 14 coated on the corrugation peak 15 is 
in a condition in which solder material particles are 
stacked in layers. When the flat plate and the corru- 
gated plate are wound round in this condition to form a 
metal honeycomb core body and soldered, voids may 35 
be generated between the corrugated plate and the flat 
plate. Further, the solder material between the corru- 
gated plate and the flat plate can have a thickness of 
more than lOOum, with a considerably decreased 
punching strength. In the present invention, to unifor- 40 
malize the coating thickness of the solder material, the 
solder material is spread by a brush 5 or a roll in the 
width direction and the longitudinal direction of the cor- 
rugation peak, and the solder material-coated corru- 
gated plate 32 and the flat plate 31 are stacked and 45 
wound round to form the metal honeycomb core body 3, 
thereby preventing generation of voids and obtaining 
effective joined portions, ■ ^ ■ : * 

As the flat plate, for example, a heat-resistant steel 
of 20% Cr and 5% Al with a thickness of 0.05 mm and a - so 
width of 40 mm is used, and the flat plate is corrugated 
to be used as the corrugated plate. 

As a method for joining the thus formed metal hon- 
eycomb core body 3 and the inner wall surface of the 
metal outer cylinder 2, an amorphous foil solder is 55 
wound round at a desired position on the outer periph- 
ery of the formed metal honeycomb core body 3, then 
the metal honeycomb core body 3 is pressed into the 


14 

metal outer cylinder 2. and vacuum soldered. However, 
with this method, as described above, since boron con- 
tained in the amorphous foil solder diffuses into the 
base material of the metal honeycomb core body, the 
heat resistance is deteriorated. 

Therefore, in the present invention, the metal hon- 
eycomb core body 3 and the inner wall surface of the 
metal outer cylinder 2 are joined by the method shown 
in Fig.7. Specifically, the slurry 14, obtained by previ- 
ously mixing the powdered solder and a water-soluble 
or organic binder, is coated by the nozzle 13 at a 
desired position on the inner surface of the metal outer 
cylinder 2 (step a), and placed in a drying oven 7 to be 
dried (step b). Then, the metal honeycomb core body 3 
is pressed using a pressing tool 10 into the metal outer 
cylinder (step c), and put in a vacuum soldering device 
8 to be soldered (step d). In this step, if the metal hon- 
eycomb core body is pressed in without drying the sol- 
der material, the solder material 14 tends to move with 
the metal honeycomb core body in the pressing direc- 
tion, and the solder material cannot be coated at the 
desired position. Therefore, it is preferable to press the 
metal honeycomb core body into the metal outer cylin- 
der after drying the solder material. The vacuum solder- 
ing is preferably made at 1 , TOO to 1 ,300°C for more than 
10 minutes under vacuum. 

Then, the production method of a curved metal car- 
rier will be described in detail. 

As shown in Fig.6. a slurry-formed solder material 
is supplied to peaks on the surface and backside of the 
corrugated plate, obtained by corrugating a flat plate 
comprising a heat-resistant steel, and coated in spots, 
or in stripes by a brush as necessary. Then, the corru- 
gated plate is stacked with a flat plate, and wound round 
to form a metal honeycomb core body. A plurality of the 
resulting metat honeycomb core bodies, while the 
slurry-formed solder material maintains a fluidity and 
the slurry-formed coated on the inner wall surface of the 
metal outer cylinder has no fluidity, are disposed with or 
without spacing in the metal outer cylinder, dried, and 
subjected to soldering heat treatment to simultaneously 
join the individual metal honeycomb core bodies, and 
the metal honeycomb core body and the metal outer 
cylinder with the solder material coated on the inner wall 
surface of the metal outer cylinder. 

The resulting metal honeycomb core body 3 is 
pressed into the metal outer cylinder 2 using the method 
shown in Rg.7(q). „ „ ^ ^ 

Fig.8 is a schematic cross sectional view of the 
curved metal carrier of the present invention, and Fig. 9 
explains the production method of the curved metal car- 
rier. Referring td Fig;9,4aftet-fve units of the metal hon- 
eycomb core bodies,3 spe pressed^ into the metal outer 
cylinder 2 (a),..for exalte Vie carrier is placed on a 
support 20V and pressed bj a pressing die 19 from the 
upper side (tyto.obtain a.metal carrier having a desired 
curvature (c). 

To enhance the precision, the carrier may be again 
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pressed to be shaped. 

Then, a solder material coating apparatus for coat- 
ing the solder material on the inner wall surface of the 
metal outer cylinder will be described. 

That is, the present invention is directed to a solder 
material coating apparatus for coating the solder mate- 
rial on the inner surface of the metal outer cylinder com- 
prising a solder material supplying device for supplying 
a slurry, which is a mixture of a powdered solder and a 
binder, a mechanism for uniformly coating the solder 
material at a desired position on the inner surface of the 
metal outer cylinder, and a mechanism for rotating and 
supporting the metal outer cylinder and carrying the 
outer cylinder. As means for rotating a metal outer cylin- 
der rotating and supporting device when the metal outer 
cylinder is carried in a predetermined position by a 
metal outer cylinder carrying-in device, and operating 
the solder material coating apparatus, a sensor, for 
example, may be used. 

Fig. 10 is a schematic view of the solder material 
coating apparatus. Roughly divided, this apparatus 
comprises a metal outer cylinder carrying-in device, a 
metal outer cylinder rotating and supporting device, a 
solder material coating device for coating the solder 
material on the inner surface of the metal outer cylinder, 
and a metal outer cylinder carrying-out arid recovery 
device for carrying out and recovering the metal outer 
cylinder after solder material coating. 

The metal outer cylinder carrying-in device and the 
metal outer cylinder rotating and supporting device will 
be described- The metal outer cylinder carrying-in 
device and the metal outer cylinder rotating and sup- 
porting device comprise a cylinder 24 for carrying in the 
metal outer cylinder, a chuck 25 for rotating and sup- 
porting the metal outer cylinder, a chuck drive motor 26 
for rotating and supporting the metal outer cylinder, and 
a sensor 27. The metal outer cylinder is carried from a 
metal outer cylinder carrying-in guide 22 to a metal 
outer cylinder carrying-in guide 23. Then the metah 
outer cylinder is carried by a predeterrjiined amount by 
the metal outer cylinder carrying-in cylinder 24 -in the 
direction of the metal outer cylinder rotating and sup- 
porting chuck 25. After that, the cylinder 24 returns to 
the original position, the metal outer cylinder 2 at the 
metal outer cylinder carrying-in guide 22 is set in the 
metal outer cylinder carrying-in guide 23 by its own 
weight. The metal outer cylinder 2 carried to the metal 
outer cylinder rotating and supporting chuck 25, when 
the sensor 27 detects that the cylinder 24 returns to the 
original position, is clamped bar the metal outer cylinder 
rotating and supporting chuck 25. Then, the metal outer 
cylinder rotating and supporting chuck 25 is automati- 
cally rotated by the motor 26. 

Then, the solder material coating device for coating 
the solder material on the inner surface of the metal 
outer cylinder will be described. The solder material 
coating device comprises a solder material supply con- 
troller 28, a slurry tank 29 for holding a slurry as a mix- 


ture of a powdered solder material and a binder, a 
nozzle 30 for injecting the slurry on the inner surface of 
the metal outer cylinder 2, a brush or roller 32 for unfor- 
malizing the thickness of the slurry injected and spread- 

5 ing the slurry in the width direction, a movable table 33 
for moving a holding tool 43 mounting the nozzle 30 and 
the brush or roller 1 1 to the right and left, and an elec- 
tromagnet 35 for vertically moving a sensor/stopper 34 
for adjusting the moving length and the holding too! 43. 

to After the metal outer cylinder is clamped and rotated by 
the metal outer cylinder rotating and supporting chuck 
25. the movable table 33 moves to insert the holding 
tool 43 mounted to the movable table 33 into the inner 
surface of the metal outer cylinder 2. The insertion 

is length is controlled by the stopper 34. When the sen- 
sor/stopper 34 contacts the movable table 33, the elec- 
tromagnet 35 is energized to attract the holding tool 43. 
As a result, the nozzle 30 and the brush or roller 
mounted to the tip of the holding tool 43 are contacted 

20 with the inner surface of the metal outer cylinder 2. 
When the holding tool 43 is attracted by the electromag- 
net 35, a detector 36 operates. As a result, the slurry is 
fed by the controller 28 from the slurry tank 29 through 
a tube 37, and injected from the nozzle 30 onto the inner 

25 surface of the metal outer cylinder 2. The injected slurry 
is uniformalized by the brush or roller 1 1 to a uniform 
thickness and spread in the width direction. The amount 
of the slurry injected from the nozzle 30 is controlled 
according to the injection time and injection pressure of 

30 the controller 28. 

After the solder material is coated on the inner sur- 
face of the metal outer- cylinder 2 for a predetermined 
time, the holding tool 43 is separated from the electro- 
magnet 35, and the movable table 33 moves to the orig- 

35 inal position. When the sensor 34 detects that the 
movable table 33 returns to the original position, the cyl- 
inder 24 operates again to carry the metal outer cylinder 
to the metal outer cylinder rotating and supporting 
chuck 25. At this- moment, the solder material -coated 

40 metal outer cylinder is pushed out by the next metal 
outer cylinder, and carried by the metal outer cylinder 
carrying-out guide 18 to the metal outer cylinder recov- 
ery box 39=- . ' 

The above procedure is automatically repeated. 

45 

BEST MODE FOR PRACTICING THE INVENTION 

Then, the present invention will be described fur- 
ther in detail with reference to the embodiments. 

50 

Example 1 

* ~> - 

A cbrrugated plate, formed by corrugating a 50nm 
thick ferrite-type stainless steel flat plate, was supplied 
55 on the surface>and backside with a slurry comprising a 
powder-formed solder material under 50|nm and a 
water-soluble binder from a nozzle at positions of 5mm 
and 15 mm, respectively, from the end face on the sur- 
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face, and at positions of 10mm and 20mm, respectively, 
from the end face on the backside, spread by a brush to 
a width of 2mm and a solder material coating thickness 
of less than 50um, stacked with a flat plate and wound 
round to form a metal honeycomb core body. Next, a 5 
slurry comprising the powder-formed solder material 
and an organic binder was coated on an inner surface of 
a 1 .5 mm thick metal outer cylinder in a width of 15 mm 
from a position 5 mm apart from the end face of the 
metal honeycomb core body and dried, and then the w 
above honeycomb core body was pressed into the 
metal outer cylinder. After that, vacuum soldering 
(heated at 1,200°C for 20 minutes. t0' 5 torr) was per- 
formed to prepare a 50 mm diameter, 50 mm long metal 
carrier (length of metal honeycomb core body: 40 mm). )5 
The honeycomb carrier prepared by this method is 
shown in Fig. 11. In Fig. 11, the reference numeral 41 
denotes a solder material on the surface of the corru- 
gated plate, 42 denotes a solder material on the back- 
side, and 1 a denotes an exhaust gas inlet side end face. 20 
The honeycomb carrier had an unjoined area of a length 
of 10% of the length of the metal honeycomb core body 
from the exhaust gas inlet side end face 1a, and the 
metal honeycomb core body was joined with four joining 
stripes perpendicular to the axial direction on the sane 2 s 
surface. Further, the average joining interval of the flat 
plate and the corrugated plate was about 45um. 

A catalyst was carried on this metal carrier, and 
subjected to a heat cycle test (1 ,000°C x 30min cool- 
ing x lOmin). After the test for 300 hours, the metal car- 30 
rier of the present invention showed no breakage of the 
foil except for a slight cell deformation in the metal hon- 
eycomb core body comprising the corrugated plate and 
the flat plate. Further, to test durability to vibrations, the 
metal carrier was tested at vibration frequencies of 20 to 35 
500 Hz, an acceleration of 30G, for 20 hours. As a result, 
no defects such as dislocation of the honeycomb core, 
breakage of the soldered portion, or the like were noted. 

Example 2 40 

A corrugated plate, formed by corrugating a SOjim 
thick ferrite-type stainless steel flat plate, was supplied 
on the surface and backside with a slurry comprising a 
powder-formed solder material under SO^im and a 45 
water-soluble binder from a nozzle, at the exhaust gas 
inlet side at a position of 4mm from the end face on the 
surface, and at a position of 8mm from the end face on 
the backside, and at the exhaust gas outlet side at posi- 
tions of 8mm and 16mm on the surface and at positions so 
of 4mm and 12mm from the end face on the backside, 
and spread by a brush to a width of 2mm and a solder 
material coating thickness of less than 50|im, stacked 
with a flat plate and wound round to form a metal honey- 
comb core body. Next, a slurry comprising the powder- 55 
formed solder material and an organic binder was 
coated on an inner surface of a 1 .5 mm thick metal outer 
cylinder at the exhaust gas inlet side in a width of 8 mm 


from a position 4 mm apart from the end face, and at the 
exhaust gas outlet side in a width of 15 mm from a posi- 
tion 4 mm apart from the end face ,and dried, and then 
the above metal honeycomb core body was pressed 
into the metal outer cylinder. After that, vacuum solder- 
ing (heated at 1,200°C for 20 minutes, 10" 5 torr) was 
performed to prepare a 50 mm diameter. 50 mm long 
metal carrier (length of metal honeycomb core body: 40 
mm). The honeycomb carrier prepared by this method 
is shown in Fig.12. In Fig. 12, the reference numeral 41 
denotes a solder material on the surface. 42 denotes a 
solder material on the backside, and 1a denotes an 
exhaust gas inlet side end face. The honeycomb carrier 
had an unjoined area of a length of 7.5% of the length of 
the metal honeycomb core body from the exhaust gas 
inlet side end face, and the metal honeycomb core body 
was joined with three joining stripes perpendicular to 
the axial direction on the same surface. Further, the 
average joining interval of the flat plate and the corru- 
gated plate was about 48^m. 

A catalyst was carried on this metal carrier, and 
subjected to a heat cycle test (1 ,000°C x 30min -» cool- 
ing x 10mtn). After the test for 300 hours, the metal car- 
rier of the present invention showed no breakage of the 
foil except for a slight cell deformation. Further, to test 
durability to vibrations, the metal carrier was tested at 
vibration frequencies of 20 to 500Hz, an acceleration of 
30G, for 20 hours. As a result, no defects such as dislo- 
cation of the metal honeycomb core body, breakage of 
the soldered portion, or the like were noted. 

Example 3 

A corrugated plate 32, formed by corrugating a 
50nm thick ferrite-type stainless steel flat plate 31 , was 
supplied on the surface and backside with a slurry com- 
prising a powder-formed solder material under 50^im 
and a water-soluble binder from a nozzle at a position of 
15mm from the end face on the surface, and at a posi- 
tion of 25mm from the end face on the backside, 
stacked with a flat plate and wound round to form a 
metal honeycomb core body. Next, a slurry comprising 
the powder-formed solder material and an organic 
binder was coated on an inner surface of a 1 .5 mm thick 
metal outer cylinder 2 on both end faces and in a width 
of 10 mm from a position 20 mm apart from both end 
faces in the axial direction of of the metal honeycomb 
core body, and in a length of 8 mm at eight-divided posi- 
tions in the peripheral direction. Further, the slurry was 
coated at the center of the metal honeycomb core body 
in a width of 15 mm and in a length of 8 mm at eight- 
divided positions in the peripheral direction. After the 
slurry was coated intermittently in the axial and periph- 
eral directions and dried, the above metal honeycomb 
core body was pressed into the metal outer cylinder 2. 
After that, vacuum soldering (heated at 1,200°C for 20 
minutes, 10* 5 torr) was performed to prepare a metal 
carrier. Structure of the metal carrier prepared by this 
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method is shown m Fig. 16. In Fig. 16. the reference 
numeral 41 denotes a solder material on the surface, 42 
denotes a solder material on the backside, and 4 
denotes the solder material between the metal outer 
cylinder and the metal honeycomb core body. A catalyst 5 
was carried on this metal carrier, and subjected to a 
durability test combining a heat cycle test with a vibra- 
tion test (heat cycle test: 1,000°C x I2min -* forced 
cooling x 30min, exhaust gas flow: 10 m 3 /min, vibration 
test: frequencies of 20 to 500Hz, an acceleration of w 
30G. a sweep time of 5 min (sine)). After the test for 300 
hours, the metal carrier of the present invention showed 
no breakage of the foil except for a slight cell deforma- 
tion in the metal honeycomb core body comprising the 
corrugated plate and the flat plate. 15 

Example 4 

A corrugated plate 32, formed by corrugating a 
50^im thick ferrite-type stainless steel flat plate 31 , was 20 
supplied on the surface and backside with a slurry com- 
prising a powder-formed solder material under 50um 
and a water-soluble binder from a nozzle at positions of 
25mm, 65mm, and 85mm, respectively, from the end 
face on the surface of the metal honeycomb core body,. 2f- 
and at positions of 10mm, 40mm, and 70mm; respec- 
tively, from the end face on the backside, stacked with a 
flat plate and wound round to form a metal honeycomb 
core body. Next, a slurry comprising the powder-formed 
solder material and an organic binder was coated on an 30 
inner surface of a 1 .5 mm thick metal outer cylinder 2 in 
a width of 5 mm in the axial direction on the end face 
and at positions 15mm, 30mm, 45mm, 60mm, 75mm, 
and 90mm, respectively, from the end face of the metal 
honeycomb core body and in a length of 8 mm at eight- 35 
divided positions in the peripheral direction. After the 
slurry was coated intermittently in the axial and periph- 
eral directions and dried, the metal honeycomb core 
body was pressed into the metal outer cylinder. After- 
that, vacuum soldering (heated at 1 ,200°C for 20 niirv '40 
utes, 10" 5 torr) was performed to prepare a metat\car- 
rier. The soldering structure of the, .metal- carrier is 
shown in Fig. 16. A catalyst was/CarriecToii this metaf 
carrier, and subjected to a durability^ test combining a 
heat cycle test with a vibration test (heat cycle- test: 45 
1,000°C x 12min -> forced. cooling *3mia exhaust §as^ 
flow: 10 m 3 /min, vibration test: .frequencies of 20' to 
500Hz, an acceleration of 30G,.>sweep.timeof 6-mirr 
(sine)). After the test for 300 hours, the metal carrier of 
the present invention showed no breakage ot the foil so 
except for a slight cell deformation in the metal honey- 
comb core body comprising the corrugated plate and 
the flat plate. 

Comparative Example 1 ss 

A 50^m thick ferrite-type stainless steel flat plate 
and a corrugated plate, formed by corrugating the flat 


plate, were wound round to form a cylindrical metal hon- 
eycomb core body, which was inserted into an outer cyl- 
inder made of a 1 .5 mm thick ferrite-type stainless steel, 
coated with a solder material by dipping in a width of 15 
mm from the exhaust gas inlet side and outlet side end 
faces, and subjected to vacuum soldering (heated at 
1 ( 200°C for 20 minutes, 10* 5 torr) to prepare a metal 
carrier. The resulting metal carrier is shown in Fig. 13. In 
the Figure, the a solder material 4 is coated at the same 
position on the surface and backside of the corrugated 
plate. A catalyst was carried on the metal carrier, and 
subjected to a heat cycle test (1.000°C x 30 min. -> 
cooling x 10 min.). As a result, cell deformation and 
breakage in the foil on the outer periphery of the metal 
honeycomb core body were noted after 83 hours of test. 
Further, after a vibration test at vibration frequencies of 
20 to 500Hz. an acceleration of 30G. for 20 hours, dislo- 
cation in the metal honeycomb core body and breakage 
in the joined portion were noted. 

Comparative Example 2 

A corrugated plate, formed by corrugating a 50um 
thick ferrite-type stainless steel flat plate, was stacked 
with a flat plate and wound round to prepare a honey- 
comb core. During the step, a 20^m thick, 2 mm wide 
amorphous foil solder 41 was supplied at positions of 
individually 5 mm and 1 5 mm from the end face on the 
surface, and at positions of 10 mm and 20m from the 
end face on the back side, and both plates were stacked 
and wound round to prepare a honeycomb core. Fur- 
ther, a 1 5 mm wide amorphous foil solder was wound at 
a position 5 mm apart from the end face on the outer 
periphery of the metaUhoneycomb core body, pressed 
into a 1 .5 mm thick metal outer cylinder, and subjected 
to vacuum soldering (heated at 1,200°C for 20 minutes, 
10* 5 torr}- to prepare a 50 mm diameter, 50 mm long 
metal carrier- (length of metal honeycomb core body: 40 
mm). TKe metSI carrier is shown in Fig. 14. In Fig. 14, the 
reference nunteral 4V denotes a portion soldered with 
the amorphous foil' solder on the surface of the corru- 
gated plate, and 42*denotes a portion soldered with the 
amorphous foil solder on the backside of the corrugated 
plate. The metal carrier had an unjoined area of 10% of 
the length of the metal honeycomb core body from the 
end face-as in Example 1, and the metal honeycomb 
core body was joined with four joining stripes perpendic- 
ular to the axial direction on the same surface. 

A catalyst wa^carried on this metal carrier, and 
subjected Jtortf&at cycle test (1 ,000°C x 30min. cool- 
ing x lOrriirf. jl After the test for 300 hours, the metal car- 
rier showed slight cell deformation, and cracks were 
noted in the portions joined with the amorphous foil sol- 
der. Further, after a vibration test at vibration frequen- 
cies of 20 to 500Hz. an acceleration of 30G. for 20 
hours, breakage occurred at the portion soldered with 
the amorphous foil solder, and a dislocation was noted 
in the metal honeycomb core body. 
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Further, since the amorphous foil solder contains 
boron, considerable oxidation of the joined portions was 
noted. 

Comparative Example 3 

A corrugated plate, formed by corrugating a 50um 
thick ferrite-type stainless steel flat plate, was coated on 
the surface and backside with a slurry comprising a 
powder-formed solder material under 50um and a 
water-soluble binder at positions of 5 mm and 15 mm 
from the end face, stacked with a flat plate and wound 
round to prepare a metal honeycomb core body. Next, a 
slurry comprising the powder-formed solder material 
and an organic binder was coated on an inner surface of 
a 1 .5 mm thick metal outer cylinder in a width of 15 mm 
from a position 5 mm apart from the end face and, after 
drying, the metal honeycomb core body was pressed 
into the metal outer cylinder. After that, vacuum solder- 
ing (heated at 1,200°C for 20 minutes, 10" 5 torr) was 
performed to prepare a 50 mm diameter, 50 mm long 
metal carrier (length of metal honeycomb core body: 40 
mm). The resulting metal carrier is shown in Fig. 15. The 
metal honeycomb core body after vacuum soldering 
had an unjoined area between the flat plate and corru- 
gated plate. Further, the joined portion of the flat plate 
and corrugated plate has a solder material thickness of 
120um. The metal carrier had only haff the punching 
strength of Example 1 at the solder material portion. 

Comparative Example 4 

A corrugated plate 32, formed by corrugating a 
50^m thick ferrite-type stainless steel flat plate 31, was 
stacked with the flat plate and wound round to prepare 
a metal honeycomb core body, a 20^im thick, 10 mm 
wide foil solder was wound round the individual end face 
of the metal honeycomb core body, and the metal hon- 
eycomb core body was pressed into a 1.5mm thick 
metal outer cylinder 2. Then, a slurry comprising a pow- 
dered solder materialand a binder was coated by dip- 
ping in a width of 10 mm from the end face of the metal 
honeycomb core body. After that the metal honeycomb 
core body was subjected to soldering (heated at 
1,200 e C for 20 minutes, 10' 5 torr) to prepare a metal 
carrier. The soldering structure of the metal carrier is 
shown in Fig. 18. A catalyst was carried on this metal 
carrier, and subjected to a durability test combining, a 
heat cycle test with a vibration test (heat cycle test: 
1,000°C x 12min -» forced cooling x 3min, exhaust gas 
flow: 10 m 3 /min, vibration test: frequencies of 20 to 
500Hz, an acceleration of 30G. a sweep time of 5 min 
(sine)). After the test for 100 hours, the metal carrier- 
showed a breakage in about 60% of the periphery, and 
generation of a telescope. 


Comparative Exampfe 5 

A corrugated plate 32, formed by corrugating a 
50um thick ferrite-type stainless steel flat plate 31 , was 

5 stacked with the flat plate and wound round to prepare 
a metal honeycomb core body. A slurry comprising a 
powdered solder material and a binder was coated by 
dipping in a width of 10 mm from the end face of the 
metal honeycomb core body, and subjected to soldering 

w (heated at 1 ,200°C for 20 minutes. 10' 5 torr) to prepare 
a metal honeycomb core body. Then, a 20um thick, 10 
mm wide foil solder was wound round the center of the 
metal honeycomb core body, the metal honeycomb core 
body was pressed into a 1 .5mm thick metal outer cylin- 

75 der 2, and again subjected to soldering to prepare a 
metal carrier. The soldering structure of the metal car- 
rier is shown in Fig. 19. A catalyst was carried on this 
metal carrier, and subjected to a durability test combin- 
ing a heat cycle test with a vibration test (heat cycle test: 

20 1 ,000°C x 1 2min -> forced cooling x 3min, exhaust gas 
flow: 10 m 3 /min, vibration test: frequencies of 20 to 
500Hz, an acceleration of 30G, a sweep time of 5 min 
(sine)). After the test for 80 hours, because the soldered 
portion between the metal honeycomb core body and 

25 the metal outer cylinder was broken, a dislocation 
occurred in the metal honeycomb core body in the axial 
direction of the metal carrier. 

UTILIZABILITY IN INDUSTRY 

30 

With the use of the honeycomb structure and the 
production method thereof according to the present 
invention, an exhaust gas cleaning metal carrier for 
automobiles, autobicycles, and industrial equipment, 
35 which is superior in durability,.. could be achieved. 

Claims 

1. A method of producing an exhaust gas cleaning 

40 metal carrier (1) including a plurality of metal hon- 
eycomb core bodies (3) formed by joining a flat 
plate (31) and a corrugated plate (32), pressed in 
series in the axial direction into a metal outer cylin- 
der (2), comprising the steps of: coating a siurry- 

45 formed solder material (14) in spots (41, 42) or a 
plurality of stripes (41 , 42) at peaks (15) of corruga- 
tion of the corrugated plate (32); stacking and wind- 
ing round the flate plate (31) and the corrugated 
plate (32) to form a. metai honeycomb core body 

so- (3); pressing said metai honeycomb core body (3) 
into said metaLouter cylinder (2) while the slurry- 
formed solder material (14) coated at the peaks 
(15) of corrugation of the corrugated plate (32) 
maintains a fluidity and the solder material (14) 

55 coated on an inner wall surface of said metal outer 
cylinder (2) has no fluidity; curving as necessary; 
drying; and soldering heat treating to join said metal 
honeycomb core body (3) and said metal outer cyl- 
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inder (2). 

A method of producing an exhaust gas cleaning 
metal carrier (1) including a plurality of metal hon- 
eycomb core bodies (3) formed by joining a flat 5 
plate (31) and a corrugated plate (32). pressed in 
series in the axial direction into a curved metal 
outer cylinder (2), comprising the steps of: coating 
a slurry-formed solder material (1 4) at peaks (1 5) of 
corrugation of the corrugated plate (32) and stack- w 
ing and winding round the flat plate (31) and the 
corrugated plate (32) to form a metal honeycomb 
core body (3); pressing said metal honeycomb core 
body (3) into said metal outer cylinder (2) while the 
slurry-formed solder material (14) coated at the is 
peaks (15) of corrugation of the corrugated plate 
(32) maintains a fluidity and the solder material (1 4) 
coated on an inner wall surface of said metal outer 
cylinder (2) has no fluidity; curving said metal outer 
cylinder (2) with a desired curvature; drying; and 20 
soldering heat treating to join said metal honey- 
comb core body (3) and said metal outer cylinder 
(2) in a curved condition. 

The method of claim 1 or 2, wherein said metal 2s 
outer cylinder (2) is curved with a curvature, and 
then said metal outer cylinder (2) is reshaped. 
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(54) Exhaust gas cleaning metal carrier and method of manufacturing the same 


(57) A metal cafrier and a production method 
thereof for carrying art exhaust gas cleaning catalyst for 
automobiles, autobicycles, aqd industrial equipment. 
The metal carrier includes a metal honeycomb core 
body pressed into a metal outer cylinder, and the joined 
portion of the a flat plate and a corrugated plate forming 
the metal honeycomb core body includes a solder mate- 
rial coated in spots or stripes at peaks of corrugation of 
the corrugated plate. The solder material in the joined 
portion of the flat plate and the corrugated plate has a 
thickness of less than lOO^m, the positions of the joined 
portions are different between the surface and backside 
of the flat plate and corrugated plate, and the joined por- 
tions are present through an unjoined area having a 
length of more than 5% of the length of the metal hon- 
eycomb core body from an end face of the metal honey- 
comb core body at the exhaust gas inlet side. The 
joined portion of the outer periphery of the metal honey- 
comb core body and the inner surface of the metal outer 
cylinder is a plurality of stripes. The joined portions of 
the flat plate and the corrugated plate of the outermost 
periphery of the metal honeycomb core body and the 


metal outer cylirider are not in tine with each other, and 
the metal honeycomb core body and the metal outer 
cylinder are joined intermittently in the axial and periph- 
eral directions. In a production method of the metal car- 
rier, the metal honeycomb core body is pressed into the 
metal outer cylinder while the slurry-formed solder 
material coated at peaks of the corrugated plate main- 
tains a fluidity and the solder material coated on the 
inner wall surface of the metal outer cylinder has no flu- 
idity. 
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